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A5-year-old neutered male Schipperke was evalu-
ated by the internal medicine service at Texas

A&M College of Veterinary Medicine and Biomedical
Sciences for mild increases in blood urea nitrogen
(BUN) and creatinine concentrations. Parameters on
an automated complete blood counta performed at the
same time were within the reference ranges. The dog
had a 3-year history of epileptiform seizures, which
had been successfully managed for 18 months with
oral zonisamide (ZNS) at a dosage of 7.9–8.4 mg/kg
every 12 hours. Peak serum ZNS concentration had
been measured 1 year earlier, and was within the target
range at 39 lg/mL.

On presentation to the internal medicine service, the
dog was alert and responsive. Physical examination
was essentially unremarkable, although the dog panted
persistently and appeared agitated. A serum chemistry
panel was performedb ; notable laboratory findings
included hyperchloremia (124 mmol/L; normal: 107–
116 mol/L), hypernatremia (150 mmol/L; normal:
139–147 mmol/L), hypokalemia (3.1 mmol/L; normal:
3.3–4.6 mmol/L), hypophosphatemia (1.6 mg/dL; nor-
mal: 2.9–6.2 mg/dL), and low total carbon dioxide
(TCO2; 11 mmol/L, reference range: 21–28 mmol/L).
BUN and creatinine were 25 mg/dL (normal: 5–
29 mg/dL) and 1.5 mg/dL (normal: 0.3–2.0 mg/dL),
respectively. Urine, collected via cystocentesis, was
adequately concentrated with a specific gravity of
1.039c and a urine pH of 6.5 based on dipstick assess-
ment.d Trace proteinuria was confirmed with a sulfo-
salicylic acid test. Urine protein:creatinine ratio was
< 0.02 (< 0.5 considered normal). Urine culture pro-
duced a single colony of a Micrococcus species on the
1 : 1,000 dilution plate; this was assumed to be a con-
taminant. Ultrasonographic examination of the abdo-
men indicated hyperechogenicity of the inner part of
each renal cortex; renal size was within normal limits
bilaterally. The rest of the abdominal contents was

unremarkable. Systolic blood pressure was measured
indirectly using a Doppler devicee and was within the
reference range at 115–120 mmHg. Six hours after
dosing, serum ZNS concentration was 38 lg/dL (target
range: 10–40 lg/dL).

The metabolic disturbance was characterized as a
hyperchloremic, normal anion gap metabolic acidosis
with a low sodium-chloride difference of 5.5 (normal:
27.1–32.2), normal total plasma concentration of non-
volatile weak buffers (Atot), and normal strong ion
gap.1,2,3 The Na-Cl difference was calculated using the
simplified Fencl-Stewart approach, with the Na-Cl dif-
ference defined as the sum of the delta free water (0.25
9 [Na patient – Na normal] and delta chloride (Cl
normal – Cl corrected), where Cl corrected = (normal/
patient Na) 9 measured Cl. Differential diagnoses for
this finding included gastrointestinal bicarbonate loss
through diarrhea, renal tubular acidosis (RTA),
dilutional acidosis, and administration of carbonic an-
hydrase (CA) inhibitors, ammonium chloride, or
cationic amino acids.1 Based on this dog’s history,
RTA seemed the most likely explanation. Dogs with
RTA have compromised reclamation of bicarbonate
from the glomerular filtrate with subsequent excessive
urinary loss of bicarbonate (proximal RTA) or com-
promised secretion of hydrogen ions into the filtrate
(distal RTA), in the presence of a normal glomerular
filtration rate.4 Both disorders can be present concur-
rently in the same individual or may be combined with
other renal tubular reabsorptive defects. Classically,
dogs with proximal RTA have an acid urine (pH
< 6.0) in the presence of a hyperchloremic metabolic
acidosis. Distal RTA (also referred to as classic or
Type 1) is characterized by a urine pH > 6.0 in the
presence of a metabolic acidosis. As this dog’s urine
pH was 6.5, the tentative diagnosis was distal RTA.

The dog returned to the clinic 4 days later for addi-
tional diagnostics. Arterial blood gas analysisf revealed
a blood pH of 7.42, with a partial pressure of carbon
dioxide (PaCO2) of 17.8 mmHg and a bicarbonate
concentration of 11.6 mmol/L. The borderline alkale-
mia was unexpected; although a drop in PaCO2 is the
anticipated compensatory response to a metabolic aci-
dosis, the dog should not overcompensate to the point
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of inducing an alkalotic state. This dog’s expected
respiratory compensation for the metabolic acidosis
would be a decrease in PaCO2 to 31.2 mmHg (based
on an anticipated 0.7 mmHg decrease in PaCO2 from
the normal value of 40.2 mmHg for every 1 mEq/L
decrease in bicarbonate from the midpoint of the refer-
ence range).5,6 The arterial blood gas results therefore
indicated a primary respiratory alkalosis. The cause of
the primary respiratory alkalosis remains unclear. It
might have reflected transient hyperventilation because
of anxiety, or a more chronic state because of unrecog-
nized pulmonary disease or a centrally mediated pro-
cess causing persistent hyperventilation.

Proximal and distal RTA can be differentiated by
assessing the response to ammonium chloride (NH4Cl)
challenge or bicarbonate loading. In normal dogs, oral
administration of NH4Cl results in rapid and profound
acidification of the urine. A baseline urine pH was
measured and 200 mg/kg of NH4Cl was administered
per os. Urine samples were collected via catheteriza-
tion every hour and pH was measured using a bench-
top meter.g Urine pH was 6.7 before the start of the
NH4Cl challenge and slowly decreased to a nadir of
5.50 after 6 hours. In 1 study using normal dogs,
minimum urine pH was 5.16 within 4 hours of admin-
istration of NH4Cl, and failure to decrease urine pH
below 5.5 indicates distal RTA.7 However, an earlier
study reported a mean urine pH of 5.74 in normal
dogs 5 hours after NH4Cl challenge, and suggested
that failure to decrease urine pH below 6 supported a
diagnosis of distal RTA whereas a pH below 5.5
would indicate proximal RTA.8 On balance, this dog’s
response to acid challenge was therefore somewhat
inconclusive. Current definitions of RTA in human
patients are based on urinary ammonium (NH4

+)
excretion rather than urine pH.9 This approach has
not been described in the dog, but measuring NH4

+

excretion may have provided additional information in
this case and would have posed less risk than acid
loading a dog with a complex acid-base disorder.

As proximal RTA can be associated with other renal
tubular reabsorptive disorders, urine was tested for the
presence of other unabsorbed solutes.h This sample
was negative for marked amino aciduria, lactic acidu-
ria, and glucosuria and was therefore not consistent
with a global renal tubular disorder such as Fanconi
syndrome.

Based on these findings, a diagnosis of a mixed acid-
base disorder was established, characterized by a distal
or mixed RTA causing metabolic acidosis and hyper-
ventilation resulting in respiratory alkalosis. As these
changes were potentially associated with ZNS adminis-
tration, the dog was started on an alternative anticon-
vulsant.

Levetiracetam was prescribed at 20 mg/kg PO every
8 hours for seizure control. The client was instructed
to decrease the ZNS dose by 18 mg (approximately
25% of original dose) every 5 days, with complete dis-
continuation within 3 weeks. In addition, potassium
citrate was prescribed at a dose of 155 mg/kg PO twice
daily to address the hypokalemia and mitigate the

metabolic acidosis. This agent is routinely used in dogs
with distal RTA and hypokalemia to improve serum
potassium concentrations and mitigate metabolic aci-
dosis, but could in fact have been an inappropriate
choice in an alkalemic patient. However, the owner
had difficulty administering the potassium citrate and
discontinued this medication after only 2 doses.

The dog was reevaluated after 14 days. The client
reported an improvement in the dog’s anxiety levels
with reduced pacing and panting in the home environ-
ment. Physical examination was unchanged, and the
dog appeared less anxious while in the clinic. A com-
plete blood chemistry and urine analysis were per-
formed. The hyperchloremia had resolved (serum
chloride 116 mmol/L); TCO2 was improved but still
below normal at 18 mmol/L. Serum sodium, potas-
sium, and phosphorus concentrations were 146 mmol/
L, 3.5 mmol/L and 3.4 mg/dL, respectively. Creatinine
and BUN were essentially unchanged (23 mg/dL and
1.4 mg/dL, respectively). Urine pH was 8.0 (dipstick
measurement), with a specific gravity of 1.042. Urine
culture was negative at this time. The dog was main-
tained on levetiracetam at 20 mg/kg three times daily
and continued to do well. A subsequent recheck exam-
ination 3 weeks later revealed TCO2 (22 mmol/L),
serum sodium (145 mmol/L), potassium (3.7 mmol/L),
and chloride (115 mmol/L) concentrations in the refer-
ence range. On this visit, the urine pH was 7.0 (dip-
stick measurement) with a specific gravity of 1.043.
The dog became distressed during attempts at arterial
sampling, so a blood gas analysis was not performed.

ZNS (1,2-benzisoxaloe-3-methanesulfonamide) is
biochemically similar to serotonin and was developed
many years ago as an anticonvulsant agent.10 The
mechanism of action is not fully understood but might
involve blockage of T-type calcium and voltage-gated
sodium channels in the brain, along with potentiation
of c-amino butyric acid.11–13 The drug has a sulfon-
amide side chain with similarity to acetozolamide
which results in a weak inhibitory effect on CA.14,15 In
2000, ZNS was approved by the US Food and Drug
Administration (FDA) for the treatment of epilepsy in
adult human patients and has been used off-label for
other conditions including bipolar depression and
migraines.16,17

In February 2009, the FDA issued a warning that
ZNS can cause metabolic acidosis in humans and rec-
ommended routine monitoring of serum bicarbonate
levels even in asymptomatic individuals.18 In a recent
report, a child on ZNS therapy was diagnosed with
distal RTA and hypokalemia; this resolved when the
drug was discontinued.19 Although the mechanism
behind the metabolic acidosis was not determined, it
was suggested that inhibition of CA played a role. CA
is a metalloenzyme that catalyzes the conversion of
water and carbon dioxide into bicarbonate and hydro-
gen ions.20 Various isoforms of the enzyme have been
described in mammals, with the different types found
in specific cellular sites. Appropriate CA activity is
necessary for the reclamation of bicarbonate ions and
the excretion of protons by the renal tubular epithelial
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cells. In the absence of CA, this reaction proceeds
slowly and is not adequate to meet metabolic
demands.

Persistent untreated distal RTA can cause substan-
tial morbidity. Nephrolithiasis (with calcium-contain-
ing stones), nephrocalcinosis (attributable to decreased
urinary citrate concentration), bone demineralization
(caused by loss of bone buffer stores), and urinary
potassium wasting all occur in human patients with
this disorder.4,21 There are numerous mechanisms
behind the development of RTA; inhibition of CA was
hypothesized in this dog, but compromise to various
hydrogen transporters or mistargeting of the chloride/
bicarbonate anion exchanger has been described in
humans.4,22

The most commonly reported adverse effects in
humans administered ZNS include drowsiness, loss of
appetite, dizziness, headache, nausea, agitation/irrita-
bility, and hypohidrosis (Zonegran® [zonisamide]
package insert). Although more severe problems are
less common, ZNS has been associated with psychosis
in up to 18% of human patients, manifest by auditory
and visual hallucinations, severe depression, and epi-
sodes of paranoia.23

The owner of the dog described in this report noted
that the dog appeared anxious with panting and rest-
lessness while on ZNS. Some degree of hyperventila-
tion would be expected in a dog with a metabolic
acidosis, but it is possible that the drug induced some
form of psychosis that worsened the hyperventilation
and caused the primary respiratory alkalosis. The
panting and anxiety resolved when the ZNS was
discontinued and the dog was reported to be more
comfortable in the home.

Although ZNS is not FDA approved for use in
dogs, it is now widely used as an anticonvulsant in
this species.24 Limited information is available
regarding safety, but small studies have suggested
that routine clinical laboratory tests are unchanged
with prolonged use, although serum thyroxine con-
centrations can be suppressed and mild hepatic
changes might occur with sustained high doses
(75mg/kg/day; approximately 5 times standard thera-
peutic doses).25

As the acid-base changes began after initiation of
ZNS and resolved when the drug was discontinued, it
seems likely that the ZNS played a role in this
patient’s disorder. On the basis of these findings, rou-
tine surveillance of serum electrolytes and acid-base
status may be warranted in patients receiving ZNS. An
increase in serum chloride concentration and a
decrease in TCO2 should prompt further investigation
or a change in medication.

Footnotes

a Cell-Dyn 3700; Abbott Laboratories, Abbott Park, IL
bVitros 250; Ortho-Clinical Diagnostics, Rochester, NY
cHand-held refractometer; General Tools, New York, NY

dMultistix 10SG; Seimens, Washington, DC
eParks Medical Electronics, Las Vegas, NV
fCritical Care Xpress, Nova Biomedical Corporation, Waltham,

MA
gOrion 3 star pH benchtop; Thermo Electron Corporation,

Marietta, OH
hFanconi syndrome urine metabolic test; Metabolic Genetic

Screening Laboratory, School of Veterinary Medicine, Univer-

sity of Pennsylvania, Philadelphia, PA
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